1. Agricultural intensification and associated loss of high-quality habitats are key drivers of insect pollinator declines. With the aim of decreasing the environmental impact of agriculture, the 2014 EU Common Agricultural Policy (CAP) defined a set of habitat and landscape features (Ecological Focus Areas: EFAs) farmers could select from as a requirement to receive basic farm payments. To inform the post-2020 CAP, we performed a European-scale evaluation to determine how K E Y W O R D S agri-environment Additional supporting information may be found online in the Supporting Information section. How to cite this article: Cole LJ, Kleijn D, Dicks LV, et al. A critical analysis of the potential for EU Common Agricultural Policy measures to support wild pollinators on farmland.
| INTRODUC TI ON
Since the 1950s, agricultural biodiversity has undergone significant declines globally (Benton, Vickery, & Wilson, 2003) . The intensification of agricultural practices and associated loss of high-quality habitats, both within the crop and adjacent (semi)-natural land, are amongst the primary drivers of biodiversity loss (Benton et al., 2003; IPBES, 2019) . Farmland biodiversity underpins a range of ecosystem services vital to both natural and farmed ecosystems, including nutrient cycling, natural pest regulation and pollination, with losses indirectly constraining agricultural productivity (Deguines et al., 2014) and impacting on (semi)-natural habitats (Ollerton, Winfree, & Tarrant, 2011; Potts et al., 2016) .
To mitigate adverse environmental impacts of intensive agriculture, the European Union's Common Agricultural Policy (CAP) introduced agri-environment schemes in 1992 to financially support environmentally friendly farming practices (EEC Regulation No 2078/92 Handling Editor: Guadalupe Peralta different EFA options vary in their potential to support insect pollinators under standard and pollinator-friendly management, as well as the extent of farmer uptake.
2. A structured Delphi elicitation process engaged 22 experts from 18 European countries to evaluate EFAs options. By considering life cycle requirements of key pollinating taxa (i.e. bumble bees, solitary bees and hoverflies), each option was evaluated for its potential to provide forage, bee nesting sites and hoverfly larval resources.
3. EFA options varied substantially in the resources they were perceived to provide and their effectiveness varied geographically and temporally. For example, field margins provide relatively good forage throughout the season in Southern and Eastern Europe but lacked early-season forage in Northern and Western Europe.
Under standard management, no single EFA option achieved high scores across resource categories and a scarcity of late season forage was perceived. 4. Experts identified substantial opportunities to improve habitat quality by adopting pollinator-friendly management. Improving management alone was, however, unlikely to ensure that all pollinator resource requirements were met. Our analyses suggest that a combination of poor management, differences in the inherent pollinator habitat quality and uptake bias towards catch crops and nitrogen-fixing crops severely limit the potential of EFAs to support pollinators in European agricultural landscapes.
5. Policy Implications. To conserve pollinators and help protect pollination services, our expert elicitation highlights the need to create a variety of interconnected, well-managed habitats that complement each other in the resources they offer.
To achieve this the Common Agricultural Policy post-2020 should take a holistic view to implementation that integrates the different delivery vehicles aimed at protecting biodiversity (e.g. enhanced conditionality, eco-schemes and agrienvironment and climate measures). To improve habitat quality we recommend an effective monitoring framework with target-orientated indicators and to facilitate the spatial targeting of options collaboration between land managers should be incentivised. (Batáry, Dicks, Kleijn, & Sutherland, 2015; . Pollinators provide key services to insect-pollinated crops and wild plants across Europe, yet they are vulnerable to agricultural intensification and habitat loss (Potts et al., 2016) . Indeed, a pan-European study of pollination potential indicated a deficit for large parts of northern Europe (Zulian, Maes, & Paracchini, 2013) . Pollinators may forage in crop habitats during the short period when crops flower, but the rest of the year they rely on surrounding semi-natural habitats for vital resources: food, shelter, nesting, breeding and dormancy/overwintering sites (Baude et al., 2016; Kovács-Hostyánszki et al., 2017) . Local and landscape structures influence the abundance and diversity of insects visiting pollinator-dependent crops, directly impacting yield (Blaauw & Isaacs, 2014; Garibaldi et al., 2016) . With animal pollinators benefitting production in approximately 75% of major crops world-wide (Klein et al., 2007) , maintaining healthy pollinator communities is critical to food security. Furthermore, with an estimated >87.5% of flowering plant species benefitting from animal pollination world-wide, pollinator conservation is fundamental to the preservation of wider biodiversity (Ollerton et al., 2011) .
Through providing habitats and enhancing landscape heterogeneity, EFAs have the potential to increase the abundance, diversity and spatio-temporal continuity of vital resources for pollinators in agricultural landscapes. However, the success of EFAs at meeting biodiversity goals has been fiercely challenged, largely as a result of high proportion of farms being exempt and uptake bias towards more production-orientated EFAs (European Court of Auditors, 2017; Hart et al., 2017; Pe'er, Zinngrebe, et al., 2017) .
EFA options vary greatly in their effects, and, because their environmental efficacy is largely dependent on the way in which they are implemented and managed, these effects can differ geographically (Alliance Environment & Thünen Institute, 2017) . The post-2020 CAP reform provides an opportunity to improve implementation of non-productive features/areas and to outline management recommendations targeted to farm or regional requirements (e.g. diffuse pollution mitigation, pollinator conservation).
Here we provide a critical evaluation of how different EFA options can support pollinators by considering their inherent potential to provide key resources, their management and their uptake. We focus on important pollinators, specifically bees (Hymenoptera: Apiformes) and hoverflies (Diptera: Syrphidae).
For each EFA option, we identify standard and 'pollinator-friendly' (i.e. enhanced actions specifically designed to increase the availability of resources for pollinators) management practices. With comprehensive empirical data on the relative value of EFA options to provide pollinator resources (i.e. forage, bee nesting and hoverfly larval resources) lacking, we use a Delphi expert elicitation process to evaluate EFAs (Mukherjee et al., 2015) . Our Europeanscale evaluation aims to answer the following questions to inform the CAP post-2020 on key measures to promote pollinator conservation on farmland: Through answering these key questions, and subsequent analyses, we derive implications for EFAs, for Agri-Environment Schemes and for the 'Green Architecture' of the CAP.
| MATERIAL S AND ME THODS

| Evaluation process
EFA options were evaluated following the Delphi technique (see Figure S1 ) which seeks consensus of expert opinion via anonymous, iterative rounds of evaluations and reduces bias that can accompany expert judgement (e.g. subjectivity, overconfidence, social pressure, group-thinking and dominance: Mukherjee et al., 2015) .
First, a workshop was held to bring pollinator experts from across Europe together. Participants discussed 'standard' (i.e. typical of EFAs across regions) and 'pollinator-friendly' (i.e. enhanced management designed to increase pollinator resources) management practices, identified nine important resources for key pollinator taxa (i.e. hoverflies, bumble bees and solitary bees: Table 1 ) and provided feedback on the proposed scoring document (an evaluation spreadsheet). A scientific literature review was then undertaken to provide detailed descriptions of EFA options (Table S1 ), summarize what is known about each option's potential to provide pollinator resources and refine the definitions of pollinator-friendly and standard management (Table S2 outlines standard and pollinator-friendly management including, for each EFA, comprehensive recommendations for pollinator-friendly management).
The formal Delphi process engaged 22 experts from 18
European countries which were divided into three broad Köppen-Geiger Climate Regions specifically: Northern and Western (N&W), Southern (S) and Eastern (E) Europe (Figure 1 ; Kottek, Grieser, Beck, Rudolf, & Rubel, 2006) . To provide sufficient replication each Köppen-Geiger region was represented by a minimum of five countries. To ensure anonymity of responses, evaluation spreadsheets were distributed and collated via email by a central administrator not involved in the scoring exercise. Experts were requested to evaluate all EFA habitats physically present in their country (i.e. irrespective of whether the habitat was a permitted EFA option in that country). As Switzerland is not in the EU, our Swiss evaluator was only requested to score agri-environment habitats comparable to European EFAs.
For each EFA option, experts scored its potential to provide the selected pollinator resources under standard and under pollinator-friendly management, with these practices outlined in the evaluation spreadsheet to ensure standardization between evaluators (Table S2 ). Values were selected from an ordinal scale ranging from 0 (no resource provided) to 3 (high resource availability). To reduce the risk of low confidence in a given score, experts could decline to score where they felt they had insufficient knowledge. Within each geographical region, we aimed to reach a threshold consensus of >66% of scorers selecting the mode. Percentage agreement is the most common definition for consensus, with our 66% criterion being comparable to other studies (i.e. ranging from 50% to 97%) (Diamond et al., 2014) .
Following the first round of scoring, mean scores for each region were calculated (i.e. per EFA option, management and resource). These means were included in the second scoring round and experts were invited to revise their initial score in light of the group response, giving justification of their choice. Following calculation of summary statistics from the second scoring round, EFA options not reaching consensus were put forward to a third scoring round, where participants were presented with mean scores derived from round two alongside the rationale/evidence provided by experts in their region. Experts were requested to revise their scores and provide reasoning/evidence behind their chosen score. At this point, deviation between scores was considered to represent true inter-country variation and/or differences in opinion between experts and scoring was terminated (Appendix S1).
Following evaluations, scores were verified by reviewing comments/evidence provided and validating against information collated in the literature review (Appendix S2). Expert scores typically agreed with the literature, or where significant departures occurred these could generally be attributed to geographical differences in the habitat itself or its management. We note that TA B L E 1 Description of insect pollinator resources included in the evaluation process there was ambiguity in interpretation of the EFA option 'strips along forest edges', with some respondents scoring the area adjacent to forest edges (the actual EFA), while others scored the forest edge itself (not an EFA). This EFA option was therefore omitted from the dataset. 2. Experts perceived that pollinator-friendly management promoted pollinator resource value (i.e. fixed effect management).
| Data analyses
3. Effects of pollinator-friendly management on pollinator resource value was perceived to differ among EFA options (i.e. interaction between EFA and management).
LMMs also explored whether EFAs showed seasonal differences in floral resource value. Again a significant three-way interaction was detected between EFA option, season and geographic region (Table S3 ). To ease interpretation, separate analyses were therefore conducted for each region under standard management. Here the response variable was the floral resource score with fixed effects EFA option and season (i.e. early, mid and late season), and their interaction. Again, EFA option nested within country were included as random effects.
All analyses were performed in R version 3.5.0 (R Core Team, 2018) using the package nmle (Pinheiro, Bates, DebRoy, & Sarkar, 2018) . EFA options were omitted from analyses when scores were obtained from fewer than three countries in a geographic region.
In Germany, Greece and Spain, evaluations were provided by more than one expert. 
| Overall trends
Heat maps of the mean scores achieved by each option highlighted substantial differences in the resources different EFAs provided, and that these changed across geographical regions, seasonally and with management ( Figure 2 ; Table S3 ). Commission, 2017) is reflected across our three geographical regions ( Figure 2 ; Table S4 ). Resource scores indicated that even under pollinator-friendly management, these three EFAs (two EFAs in S Europe where catch crops were not an option) in combination would fail to deliver all necessary resources at good levels (i.e. >2). In E Europe, bee nesting sites received low scores (i.e. ≤2) across these three EFAs, with bumble bee nesting sites also scoring low in the south. Hoverfly larval resources scored low across dominant EFAs in our N&W region, with resources for insectivorous hoverflies also scoring low in S Europe.
| EFA options and management across regions
| Eastern Europe
In E Europe, EFA options differed in their perceived potential to provide resources (Table 2, Figure 3 ). Under standard management, floral resource scores were lowest for fallows, ponds, afforested areas and short-rotation coppices, and highest for ditches, field margins and trees in groups/lines. Alongside catch and nitrogen-fixing crops, ponds and fallows also received the lowest scores for nesting sites. Afforested areas, while scoring low with respect to floral resources, achieved one of the highest scores for nesting sites. Hoverfly larval resource data were lacking for several EFA options, highlighting a knowledge gap in this region.
Experts indicated that ditches and ponds provided most hoverfly larval resources, while fallows, catch crops and isolated trees provided the least.
For all EFA options, enhanced pollinator-friendly management improved the perceived value across resource categories. For hoverfly larval resources and bee nesting sites, pollinator-friendly management in all EFA options was perceived to increase resources to a similar extent (i.e. no significant EFA × management interaction, Table 2 ). For floral resources, however, the capacity for management to improve resources differed between EFA options (significant EFA × management interaction; Table 2 and Figure 3 ). Pollinator-friendly management had a greater capacity to improve floral resources in afforested areas, fallows, field margins and nitrogen-fixing crops than in catch crops, isolated trees and trees in a line/group.
| Northern and Western Europe
EFA options in N&W Europe showed the greatest differences in pollinator resource scores (Table 2) . Under standard management, ponds and catch crops had the lowest floral resource scores, while field margins and hedges had the highest (Figure 3 ). Ponds and catch crops, together with nitrogen-fixing crops, also had the lowest scores for bee nesting sites under standard management. Under standard management, nesting site scores were highest for agroforestry, hedges and trees in groups/lines. Under standard management, scores for hoverfly larval resources were lowest for catch crops and highest for trees in groups.
Across the three broad resource options, pollinator-friendly management improved resource scores, with the magnitude differing between EFA options (Table 2 and Figure 3 ). Under pollinator-friendly management, the greatest perceived increase in floral resources occurred in fallows and ponds, while the increase was only marginal in catch crops, isolated trees and nitrogen-fixing crops. Pollinator-friendly management did not influence nesting scores of nitrogen-fixing crops, but did substantially improve nesting scores for fallows and stone walls. Effects of pollinator-friendly management on hoverfly larval resource scores were most pronounced for ponds and least pronounced for field margins (Figure 3 ).
| Southern Europe
Again, EFA options differed in their potential to provide pollinator resources ( Table 2 and Figure 3 ). Under standard management, fallows, nitrogen-fixing crops and field margins were evaluated as providing most floral resources, and short-rotation coppices the least.
Bee nesting site scores were highest in terraces and stone walls, and lowest in catch crops and ponds. Hoverfly larval resource scores were highest in afforested areas, agroforestry, buffer strips and ditches, and lowest in hedges and trees in a line.
F I G U R E 2
Heat maps illustrating the perceived mean value of Ecological Focus Areas (EFA) options under standard and pollinatorfriendly management for our three European geographical regions. Heat maps are based on the score for each resource type averaged across countries within a region. Missing data represent options with insufficient scores. Pie charts reflect the % area (before applying weighting factors) of EFA options for each region based on the countries in this study (see Table S4 for more detailed information) Table 2 ). Impacts of management on floral resources were most noticeable in agroforestry and afforested areas, and least pronounced in stone walls and catch crops.
| Temporal variation in floral resources across geographical regions
In all three regions, under standard management, seasonal trends in flowering typically differed across EFA options (i.e. significant EFA × season interaction: 
| D ISCUSS I ON
Twenty-two experts from across Europe evaluated the potential of EFAs (representing a range of habitats and landscape features) under standard and pollinator-friendly management to support wild pollinators. By considering the seasonal dynamics of floral resources and taxon-specific life-cycle requirements, this study expands beyond previous assessments that simply focus on bee floral and nesting resources (Koh et al., 2016; Zulian et al., 2013) .
With EFA habitats displaying inherent differences in the resources they offer (Baude et al., 2016; Cole, Brocklehurst, Robertson, Harrison, & McCracken, 2017 ) and these differences varying across Europe, our evaluation provides baseline data to enable Member States to consider pollinator requirements when designing their own choices of options.
| Landscape features and floral resources
EFAs varied considerably in their forage value. Across Europe ponds were perceived to provide little in the way of forage while field margins provided particularly rich foraging habitats. Field margins are also perceived as one of the best EFA options for wider biodiversity (Pe'er, Zinngrebe, et al., 2017 Note: Direction and magnitude of effects are presented in Figure 3. TA B L E 2 Results of linear mixed models examining effects of Ecological Focus Areas (EFA) option, management, and their interaction on pollinator resource value scores Wäckers, 2012; Wood, Holland, & Goulson, 2015) . Naturally regenerated margins or multi-functional native species mixes can improve the functional diversity of flowers by increasing the abundance of species with accessible nectaries (e.g. Asteraceae and Apiaceae), favouring a greater diversity of beneficial insects, including parasitic wasps and hoverflies, and thereby improve ecosystem services (pest control; Campbell et al., 2012; Wood et al., 2015) .
Pe 'er, Zinngrebe, et al. (2017) indicated that nitrogen-fixing crops provided limited benefits to biodiversity. Our evaluation, however, highlights their potential to provide forage for pollinators, with their protein-rich pollen being critical for bee reproduction . Their forage value, however, varies considerably across Europe, with regional differences driven by both the species grown and the management (e.g. the use of plant protection products and, for fodder crops, the timing and frequency of cutting/grazing). Dominance of field beans, Vicia faba, in N&W Europe (particularly in the UK and Netherlands) limits forage value, with deep corolla tubes limiting access by shorttongued species, and the constrained flowering period reducing the duration of forage availability (Suso et al., 2016) . Furthermore, our evaluation was conducted before the use of plant protection products was restricted in EFAs and consequently applications of insecticides and herbicides in V. faba were expected to be high, further limiting their value (Underwood & Tucker, 2016 Note: Results are based on EFA options under standard management. Direction and magnitude of effects are presented in Figure 4 . Model generated mean evaluation score Season Early Mid Late . This highlights the importance of management actions that increase late season resources (e.g. including late flowering species in seed mixtures, and staggering and/or more lenient mowing/grazing of nitrogen-fixing crops).
| Landscape features and bee nesting sites
Bees predominantly nest in (semi-)natural habitats, and the abundance and diversity of bumble bees in farmland indeed increases with proximity to such habitats (Öckinger & Smith, 2007) . Bumble bees prefer to nest in areas of dense tussocky grass, embankments and woodland edges, often reusing small mammal nests (Kells & Goulson, 2003) .
Solitary bees can be broadly divided into ground and cavity-nesting species, with the availability of bare ground and suitable nesting cavities (e.g. in wood, stonework or pithy plant stems) driving nest site availability (Potts et al., 2005) . Habitats perceived to provide the greatest potential for nesting bees (e.g. trees in groups/line and hedgerows in N&W and E Europe and stone walls, afforested areas and terraces in S Europe) offered nesting opportunities for both solitary and bumble bees. In areas where they occur, drystone walls and terraces provide particularly valuable solitary bee nesting sites (Petanidou & Ellis, 1993) .
Bees rarely nest in productive crops due to disturbance by infield management (e.g. tillage, harvest, agro-chemical applications: Scheper et al., 2013) , exemplified by the lack of nesting opportunities in catch crops and nitrogen-fixing crops. With these productive EFA options constituting over 73% of EFAs area, current uptake bias limits the capacity of EFAs to provide bee nesting sites. Habitats typically failed to provide both continuous forage and nesting sites and it is therefore important to consider the spatial configuration of habitats with complementary resources. For example, ensuring flower-rich habitats such as field margins are in close proximity to good nesting habitats such as hedgerows and stone walls. Such spatial targeting would be particularly beneficial for species with limited dispersal powers (e.g. solitary bees).
| Landscape features and hoverfly larval resources
Broadly speaking, hoverfly larval resources were perceived to be most abundant in woody (e.g. agroforestry, afforested areas ; Schirmel et al., 2018) and damp habitats (e.g. ditches and ponds), reflecting their diversity of feeding guilds (Jauker, Diekötter, Schwarzbach, & Wolters, 2009; Speight, 2017) . Pollinator research is largely biased towards bees and resource requirements of other taxa (e.g. hoverflies and parasitic wasps) are often overlooked (Jauker et al., 2009) .
Our findings indicate that habitats deemed not valuable for bees (i.e. ponds) provide important resources for hoverflies. With hoverflies supplementing pollination in a wide variety of crops (Rader et al., 2016) , and many species having predatory larvae that suppress pests (Tschumi et al., 2016) , such habitats should not be under-valued in agroecosystems. Hoverflies are an ecologically diverse group with different species showing habitat specialization towards woody, open and aquatic habitats, highlighting the importance of promoting a diversity of green and blue landscape elements to support them (Schirmel et al., 2018) . Restricting eligible landscape elements to non-productive features/ areas could address this uptake bias; however, this clearly depends on implementation.
| Policy implications
To safeguard pollinators in agroecosystems, the post-2020 CAP needs to progress beyond simply improving habitat quantity to explore options that increase habitat quality, connectivity and complementarity to ensure that pollinators have access to all necessary resources in sufficient quantities. Fundamental to achieving this is a better understanding of the level of resources required to sustain healthy populations, and also the level of resources currently present in a landscape. Robust scientific data in this field is, however, approach to the implementation of the post-2020 CAP will not only benefit pollinators but also wider biodiversity (Nilsson et al., 2019; Pe'er et al., 2019) .
As we approach the CAP post-2020, our European-scale evaluation highlights that to effectively conserve pollinators and help protect pollination services, there is a need to improve habitat quality and exploit habitat complementarity. Through adopting an integrated approach to Green Architecture, it is our vision for the post-2020 CAP to deliver a diversity of interconnected, high-quality habitats tailored across Europe to local farming systems and conditions. Such pollinator-friendly landscapes would not only help conserve pollinators within intensive agricultural matrices, but also help connect isolated areas of high nature value farmland and protected sites, often critical for species of conservation concern.
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